Cancer chemopreventive efficacy of a chalcone, isoliquiritigenin (ISO), was assessed on the rat hepatocarcinogenesis associated with fibrosis caused by a choline-deficient, L-amino acid-defined (CDAA) diet, using glutathione S-transferase placental form (GST-P)-positive preneoplastic foci as the end point lesion, and on the rat superficial bladder carcinogenesis initiated by N-butyl-N-(4-hydroxybutyl)nitrosamine (BBN). ISO, when given to F344 male rats at the doses of 12.5, 50, 100, and 200 ppm in the CDAA diet for 15 weeks, did not significantly affect the number and size of GST-P-positive foci and the % liver area occupied by the foci. However, it tended to decrease the grade of liver fibrosis. ISO, which was given in a basal diet at doses of 12.5, 25, and 100 ppm for 12 weeks to F344 male rats initiated by 0.05% BBN in drinking water for 12 weeks, also exhibited no clear chemopreventive effects on the development of urinary bladder tumors. Nevertheless, it tended to decrease the multiplicity of nodulo-papillary hyperplasia but not of transitional cell carcinoma (TCC), and differentiation grade of TCCs. The results indicate that ISO at least at the doses used in the present study, possesses no clear cancer chemopreventive efficacy on rat hepatocarcinogenesis caused by a CDAA diet and on rat superficial urinary bladder carcinogenesis by BBN. (J Toxicol Pathol 2003; 16: 201-207) 
Introductions
Flavonoids, together with other polyphenolics, are antioxidative constituents of vegetables and fruits in the diet, and have been expected to be chemopreventive agents not only for cancer but also for other diseases [1] [2] [3] . Flavonoids are major constituents of secondary metabolites in the majority of plants and are involved in various functions in plants such as defense from microbes and UV, various signal transductions, pollination, and fertility 1, 4 . Among 12 groups of flavonoids, chalcones, together with catechins and isoflavones, are the one that has recently been paid attention 1, 4 . Chalcones possess open C-ring among A, B, and C rings of flavonoids, are metabolic intermediates for the flavonoid synthesis pathways, and are known to possess antioxidative, estrogenic, antiproliferative, antifungal, antibacterial, antiviral and anti-inflammatory activities 1, [4] [5] .
A c h a l c o n e , i s o l i q u i r i t i g e n i n ( 2 ' , 4 ' , 4 -trihydroxychalcone) (ISO) (Fig. 1) , which is a metabolic intermediate of isoflavonoid synthesis pathway and is involved in the induction of nod-gene and glyceollin resistance, is contained in the root of leguminous plants such as licorice, and shallot 1, 4, 6 . The licorice is the root of Glycyrrhiza plants and included in 80% of Chinese medical prescriptions 7 . Cancer chemopreventive efficacy of ISO has been reported. It can inhibit murine skin tumor promotion by either 12-tetradecanoylphorbol-13-acetate (TPA) or a non-TPA type promoter 8 , azoxymethane-induced murine colon carcinogenesis 9 , growth of cancer cell lines of human prostate, breast, stomach, and murine melanoma [10] [11] [12] [13] , and pulmonary metastasis of intravenously inoculated murine renal cell carcinoma cell lines 14 . In the present study, the cancer chemopreventive efficacy of ISO was further examined on the rat hepatocarcinogenesis associated with fibrosis caused by a choline-deficient, L-amino acid-defined (CDAA) diet 15 , in which reactive oxygen species and cyclooxygenase (COX)-2 being involved 1 5 , using glutathione S-transferase placental form (GST-P)-positive preneoplastic foci as the end point lesion, and on the rat superficial bladder carcinogenesis initiated by N-butyl-N-(4-hydroxybutyl)nitrosamine (BBN) 16 , in which COX-2 also being involved 16 .
Materials and Methods

Chemicals
ISO (yellow, amorphous and solid) was extracted and purified from finely crushed powder of Egyptian licorice (Glycyrrhiza glabra) obtained from Tachibana (Tokyo, Japan) as previously described 17 . The purity was over 99.8% 17 .
Animals, diets and drinking water
Male Fischer 344 rats purchased from Japan SLC, Hamamatsu, Japan, were used for all experiments. Animals were housed four to five in a plastic cage with soft wood chips for bedding in an air conditioned-room (temperature 23 ± 2°C and humidity 55 ± 10%) with a 12-h light/12-h dark cycle. CDAA diet (No. 518753) and the control cholinesupplemented, L-amino acid-defined (CSAA) diet (No. 518754) were obtained from Dyets (Bethlehem, PA). Details of the ingredients of the diets were described previously 15 . Diets containing ISO were prepared by mixing with either a powdered CE-2 (Japan Clea, Tokyo, Japan), CDAA or CSAA diet at the concentrations mentioned below. The diets were stored at 4°C in the dark, and given to the animals by replenishing the feed tray once a week. Drinking water containing 0.05% BBN was prepared weekly by dissolving in distilled water with the aid of Tween 80 (300 µl/l). The diet and water were available ad libitum.
Body weights and food and water consumption were measured weekly. All experiments were performed in accordance with the Guideline for Care and Animal Use in Nara Medical University.
Experimental protocols
(1) Hepatocarcinogenesis: Experimental protocol is shown in Fig. 2 . Thirty-nine eight weeks old rats were divided into 7 groups, 4 to 6 each. Animals in group 1 were given a CDAA diet alone and groups 2 to 5 CDAA diet containing 12.5, 50, 100, and 200 ppm of ISO, respectively, for 15 weeks. Groups 6 and 7 served as the control and were given CSAA diet alone and the diet containing 100 ppm of ISO, respectively. All animals were sacrificed 15 weeks after the commencement of the experiment. Liver tissue slices from each lobe were fixed in acetone, embedded in paraffin, sectioned, and immunohistochemically stained for GST-P-positive foci as previously described 15 . The number and size of GST-P-positive foci and % liver area occupied by the foci were analyzed by using an image analyzer, IPAP-WIN (Sumika Technoservice, Osaka, Japan). Fatty change and fibrosis of the liver were assessed, respectively, by hematoxylin and eosin (H & E) and azan-Mallory staining. The spleen and kidneys were also excised, weighed, and subjected to routine histological examinations.
(2) Urinary bladder carcinogenesis: Experimental protocol is shown in Fig. 3 . Seventy six weeks old rats were divided into 6 groups, 15 to 6 each. Animals in groups 1 to 4 were given a drinking water containing 0.05% BBN for 12 weeks, followed by a basal diet (CE-2) and the diet containing 12.5, 25, and 100 ppm of ISO, respectively, for 12 weeks. Groups 5 and 6 served as the control and were given a tap water for 12 weeks followed by a basal diet and the diet containing 100 ppm of ISO, respectively, for 12 weeks. All animals were sacrificed 24 weeks after the commencement of the experiment. The urinary bladders were inflated, fixed in 10% phosphate buffered formalin, cut into 9 to 10 slices, routinely embedded in paraffin, and sectioned for H & E staining. The bladder lesions were histologically diagnosed basically according to the criteria described by Oyasu et al. as previously described 16 , where transitional cell carcinomas (TCC) were further classified into three grades in terms of cell differentiation and into Ta, T1, T2, and T3 depending upon the depth of the invasion. The liver, spleen, and kidneys were also excised, weighed and subjected to routine histological examinations.
Statistical analysis
Quantitative differences between group values were statistically analyzed using ANOVA with multiple comparison post hoc testing by Dunnett, Student's t, χ 2 or Fisher's exact test.
Results
Effects on the hepatocarcinogenesis caused by a CDAA diet
Average food consumption, final body weights, liver weights, results for GST-P-positive foci analysis, and histological findings are summarized in Table 1 . GST-Ppositive foci composed of more than 5 hepatocytes were analyzed ( Fig. 4A : a representative one). The intake of ISO was dose-dependent. ISO did not significantly affect the final body weights and liver weights at any doses. ISO exhibited no significant modifying effects on the development of preneoplastic GST-P-positive foci caused by a CDAA diet with all parameters analyzed, the numbers per cm 2 of the liver, average sizes and % liver area occupied by the foci, showing no significant intergroup differences. ISO alone at a dose of 100 ppm did not induce GST-P-positive foci. ISO at doses higher than 50 ppm exhibited a slight inhibitory effect on the development of fibrosis caused by a CDAA diet, decreasing the grade but not incidence without dose-dependency (Table 1 and Figs. 4B and C). ISO did not significantly affect the development of fatty change caused by a CDAA diet, with the incidence and grade of all groups fed a CDAA diet being 100% and +4, respectively (data not shown). No histologically and macroscopically abnormal lesions were observed in the spleen and kidneys, and other organs of any groups.
Effects on the urinary bladder carcinogenesis
Food consumption, final body weights, liver weights, and the incidences and multiplicities of urinary bladder lesions are summarized in Table 2 . There were no significant differences in the intake of BBN among the BBN-treated groups (data not shown), and the intake of ISO was dose-dependent (Table 2) . ISO did not significantly affect the final body weights at any doses, whereas the liver weights of rats given 12.5 ppm of ISO were significantly decreased in terms of both absolute and ratio to body weight values, but without any histological abnormalities (data not shown). ISO at any doses did not significantly affect the incidences of simple hyperplasia (SH), nodulo-papillary hyperplasia (NPH), TCC, and squamous cell carcinoma (SCC), and the multiplicities of TCCs in the urinary bladders induced by BBN. However, it tended to decrease dosedependently the multiplicities of NPH without significance, and further to decrease the fractions of T1 TCCs with the differentiation grade 2, with significance only at the dose of 12.5 ppm compared with the BBN alone group values (Table  2 and Figs. 4D and E) . No urinary bladder lesions were observed in the groups without BBN. Any histologically and macroscopically abnormal lesions were not observed in other organs in any groups.
Discussion
In the present study, ISO exhibited no chemopreventive effects on the development of preneoplastic liver lesions caused by a CDAA diet in rats, but tended to slightly decrease the grade of fibrosis. ISO is an antioxidant, scavenging superoxide anion and hydroxyl radical, and can inhibit, with some tissue specificity, 5-and 12- Fig. 4 . Immunohistochemical findings of GST-P-positive liver foci in a rat given CDAA+200 ppm isoliquiritigenin (ISO) (group 5) (A, × 6.6), histological findings of liver fibrosis (azan-Mallory staining) in a rat given a CDAA diet alone (group 1) (B, × 6.6) and in a rat given CDAA+200 ppm ISO (group 5) (C, × 6.6), and histological findings of transitional cell carcinomas (H & E) classified as T1G1 (D, × 6.6) and T1G2 (E, × 6.6) in rats from BBN alone group (group 1).
lipoxygenase(LOX) but neither COX, phospholipase A2 nor thromboxane(TX)A2 synthase activities 5, 8, [18] [19] [20] . In fact, the LOX-inhibitory activity of ISO has been assumed to involve in its inhibition of platelet aggregation and mouse skin tumor promotion by either TPA or a non-TPA type promoter 8, 20 . Endogenous production of reactive oxygen species and upregulation of COX-2 have been postulated to be involved in the hepatocarcinogenesis caused by a CDAA diet though involvement of LOX being unclear 15, 21, 22 . Thus, antioxidants such as CV-3611 (2-O-octadecylascorbic acid) (at doses above 100 ppm in the diet), ascorbic acid, α-tocopherol, trolox (1000 ppm for others), a COX-2 inhibitor nimesulide (above 200 ppm), and a LOX inhibitor nordihydroguaiaretic acid (NDGA) (above 1000 ppm), can inhibit the development of GST-P-positive foci 15, 21, 22 . Taking into account that relatively high doses of either antioxidants or LOX inhibitor appear to be required for the inhibition, the possibility cannot be excluded that higher doses of ISO might have prevented the development of preneoplastic liver lesions. Nevertheless, the doses of ISO used in the present study, were those that exhibited chemopreventive efficacy on murine colon carcinogenesis (10 -250 ppm in diets) 9 . In the liver fibrosis, reactive oxygen species, 5-LOX and COX-2 have been postulated to be involved, through hepatic stellate cell (Ito's cell) activation or collagen gene expression [23] [24] [25] . Therefore, in the present tendency to prevent fibrosis, the antioxidative or LOX-inhibitory activity of ISO might be involved. Nevertheless, since only COX inhibitors including nemesulide but neither antioxidants mentioned above, nor NDGA can inhibit the fibrosis 15, 21, 22 , unknown mechanisms somehow inhibiting prostaglandin (PG)s production like the inhibition by ISO of TXA2 production in platelet and of PGE2 release in cultured epidermal cells, might be involved 8, 20 . ISO also exhibited no clear chemopreventive efficacy on the development of superficial bladder tumors in rats initiated by BBN though there being a tendency to decrease multiplicity of NPH but not of TCCs, and the differentiation grade of TCCs. We have previously reported involvement of up-regulated COX-2 in the development of urinary bladder tumors in rats initiated by BBN, with nimesulide inhibiting the bladder tumor development 16, 26 , but involvements of reactive oxygen species and LOX largely remain to be elucidated. As already reported, an antioxidative phenolic compound protocatechuic acid (at doses above 500 ppm) but not NDGA (1000 ppm) can inhibit the bladder tumor development initiated by BBN 27, 28 . Moreover, ISO can inhibit proliferation of human prostate or gastric cancer or murine melanoma cell lines either through cell cycle arrest or apoptosis 1 0 , 1 2 , 1 3 . Therefore, the antioxidative or antiproliferative activity, or unknown mechanisms somehow inhibiting PGs production, of ISO, might be involved in the tendency to prevent bladder tumor development. In the present study, because of unclear chemopreventive efficacy of ISO, further mechanistic analyses were not undertaken.
In conclusion, ISO exhibited no clear chemopreventive efficacy on the rat hepatocarcinogenesis caused by a CDAA diet as well as on the rat superficial urinary bladder carcinogenesis by BBN.
